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NON-VOLATILE SOLID-STATE STORAGE
SYSTEM SUPPORTING HIGH BANDWIDTH
AND RANDOM ACCESS

CLAIM OF PRIORITY AND RELATED
APPLICATION DATA

The present application claims priority to U.S. provisional
patent application 61/323,322, entitled “Non-volatile, solid-
state storage system mounted within a processing node,” filed
onApr. 12, 2010, and is hereby incorporated by reference for
all purposes as if fully set forth herein.

This application is related to U.S. non-provisional patent
application Ser. No. 12/983,754, entitled “Efficient Flash
Memory-Based Object Store,” filed on Jan. 3, 2011, invented
by John Busch et al., the entire contents of which are incor-
porated by reference for all purposes as if fully set forth
herein.

This application is related to U.S. non-provisional patent
application Ser. No. 12/983,758, entitled “Flexible Way of
Specitying Storage Attributes in a Flash-Memory Based
Object Store,” filed on Jan. 3, 2011, invented by Darryl Ouye
et al., the entire contents of which are incorporated by refer-
ence for all purposes as if fully set forth herein.

This application is related to U.S. Non-provisional patent
application Ser. No. 12/983,762, entitled “Minimizing Write
Operations to a Flash Memory-Based Object Store,” filed on
Jan. 3, 2011, invented by Darpan Dinker, the entire contents
of which are incorporated by reference for all purposes as if
fully set forth herein.

This application is related to U.S. provisional patent appli-
cation No. 61/359,237, entitled “Approaches for Replication
in a Distributed Transaction System Employing Solid State
Devices,” filed Jun. 28, 2010, invented by John Busch et al.,
the entire contents of which are incorporated by reference for
all purposes as if fully set forth herein.

FIELD OF THE INVENTION

Embodiments of the invention relate to a non-volatile,
solid-state storage system that is capable of supporting high
bandwidth and/or random read/write access.

BACKGROUND OF THE INVENTION

Processing nodes may be used to perform a variety of
computational work. The composition of a processing node
may include one or more of the following: one or more
processors, memory (such as Dynamic Random Access
Memory (DRAM) for example), one or more chips providing
connectivity to the processors (such as Northbridge chips
and/or Southbridge chips for example), one or more disk bays
enabled to hold a respective disk (such as a 2.5" or 3.5"
AT-compatible or SAT Compatible disk for example), periph-
erals (such as LEDs, microphones, speakers, and DVD
drives), peripheral interfaces (such as USB slots), Input/Out-
put (/O) connections (such as Ethernet or RS-232 connec-
tions), and peripheral busses (such as a PCI bus and a PCI
Express bus).

Some disk storage interfaces, such as the AT, ATA, SATA
for example, are restrictive in bandwidth and/or capabilities.
Forexample, AT and/or SATA disk interfaces are designed for
block based transfers and are not optimized for random
access.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention are illustrated by way of
example, and not by way of limitation, in the figures of the
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accompanying drawings and in which like reference numer-
als refer to similar elements and in which:

FIG. 1 is an illustration of a processing node according to
an embodiment of the invention;

FIG. 2A is an illustration of a memory sub-system accord-
ing to an embodiment of the invention;

FIG. 2B is an illustration of memory sub-system controller
according to an embodiment of the invention;

FIG. 2C is an illustration of a master card according to one
embodiment of the invention;

FIG. 2D is an illustration of a master card according to
another embodiment of the invention;

FIG. 3 is an illustration of a flash caddy for one or more
NVM PCBs according to an embodiment of the invention;

FIG. 4 is an illustration of an example of techniques for
using a spacer to mount a plurality of NVM PCBs according
to an embodiment of the invention;

FIG. 5 is an illustration integrating one or more NVM
PCBs into a flash caddy with PCB guides and formed bosses
according to an embodiment of the invention;

FIG. 6 is an illustration of a rack-mounted chassis includ-
ing a plurality of disk bays according to an embodiment of the
invention; and

FIG. 7 is an illustration of the accessibility of a plurality of
disk bays in a rack-mounted chassis according to an embodi-
ment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Approaches for a non-volatile, solid-state storage system
that is capable of supporting high bandwidth and/or random
read/write access are described. In the following description,
for the purposes of explanation, numerous specific details are
set forth in order to provide a thorough understanding of the
embodiments of the invention described herein. It will be
apparent, however, that the embodiments of the invention
described herein may be practiced without these specific
details. In other instances, well-known structures and devices
are shown in block diagram form in order to avoid unneces-
sarily obscuring the embodiments of the invention described
herein.

Techniques for designing, mounting, and fabricating a
non-volatile, solid-state storage system are described. The
non-volatile, solid-state storage system includes non-volatile
memory, such as flash memory, for the persistent storage of
data. According to various embodiments, the non-volatile,
solid-state storage system interfaces uses one or more of: a
high-speed, point-to-point interconnect, a PCI or PCI Express
bus, a HyperTransport™ link (developed by the HyperTrans-
port Consortium), and any similar bus or communication link.
In some embodiments, the non-volatile, solid-state storage
system uses disk slots (such as disk bays of a rack-mounted
computer system) to hold one or more printed circuit boards
(PCBs) containing at least a portion of the non-volatile, solid-
state storage system. In various embodiments, the non-vola-
tile, solid-state storage system is designed to support high
bandwidth and/or provide for random access.

FIG. 1 illustrates processing node (180) according to an
embodiment of the invention. The processing node includes
one or more memory sub-systems (108, 108"). In various
embodiments, the non-volatile, solid-state storage system
includes the one or more memory sub-systems and optionally
may include a battery back-up (125). The memory sub-sys-
tems include a memory sub-system controller (112) coupled
to less-fine-grained memory 128 (such as flash memory) and
optional fine-grained memory 124 (such as Dynamic Ran-
dom Access Memory (DRAM)). Memory sub-system 108 is
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illustrated in further detail in FIG. 2A, and memory sub-
system controller 112 is illustrated in further detail in FIG.
2B. In some embodiments, memory sub-system controller
112 is and/or includes an application specific integrated cir-
cuit (ASIC) and/or a field-programmable gate array (FPGA).
In various embodiments, less-fine-grained memory 128 is a
nonvolatile memory, such as flash memory. In further
embodiments, less-fine-grained memory 128 is a page-based
memory, such as NAND flash memory. As used herein, with-
out limitation, the less-fine-grained memory is sometimes
referred to as flash memory.

The processing node also includes a CPU complex (109) to
execute software to control and/or to manage the processing
node and to run application programs. The application pro-
grams, in some embodiments, advantageously use storage in
the less-fine-grained memory 128. The processing node
optionally includes peripheral devices (142) and/or connec-
tivity to external devices (145). According to various embodi-
ments, the software executed by the CPU complex is persis-
tently stored in one or more of: a boot PROM or other non-
volatile memory on a motherboard of the rack-mounted
computer system, peripherals 142 (such as a PCMCIA card),
external devices 145 (such as a hard disk drive in a disk bay),
and less-fine-grained memory 128. The CPU complex
includes CPU(s) 110, directly connected memory 134
coupled to the CPU(s) and serving, at least in part, as main
memory of the CPU(s), and bridging 117 serving, at least in
part, as external connectivity of the processors (such as a
Northbridge and/or a Southbridge chip).

The processing node also may optionally includes switch
116 (including Network Interface Controller(s) 119) provid-
ing connectivity to other processing nodes (such as via exter-
nal link(s) 146) to other nodes 148).

In order to provide a high-speed interface between proces-
sors and the non-volatile, solid-state storage system, a higher-
performance and/or more flexible interface (as compared to
some disk storage interfaces such as AT, ATA, and/or SATA)
is used. For example, a PCI Express interface (and accord-
ingly, a PCI Express bus) is used by certain embodiments,
providing high bandwidths and a protocol suitable for both
small (such as 64B) and large (such as many KB) data trans-
fers. Using a PCI Express bus (or a similar bus) to commu-
nicate between the processors and the non-volatile, solid-
state storage system provides an interface that is more
optimized for accessing a high-speed, random-access
memory. In various other embodiments, other busses and/or
communications links, such as HyperTransport™ or Infini-
Band®, may be used.

An issue in some rack-mounted computer systems is a lack
of sufficient space, both on a motherboard and/or volumetri-
cally in a chassis of the rack-mounted computer system. For
example, some rack-mounted computer systems have a limi-
tation as to a number of cards that can be plugged into a PCI
(or PCI Express) bus on the motherboard, such as only having
two PCI Express slots or connectors on the motherboard.
Further, in some rack-mounted computer systems, the PCI
Express slots have restrictions in card height and/or length.
This limits the ability to provide the non-volatile, solid-state
storage system (and/or to provide the non-volatile, solid-state
storage system with a desired size) solely using the PCI
Express bus slots.

To avoid the number and/or space limitations of the PCI
Express slots, in some embodiments, the non-volatile, solid-
state storage system uses physical space in the rack-mounted
computer system that is intended for holding a disk drive.
This physical space is termed a disk bay. A cable connects a
master card (such as card 393 as illustrated in FIG. 2C or FIG.
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2D) that is installed in one of the PCI Express slots on the
motherboard to one or more flash memory cards in one or
more of the disk bays. In various embodiments, the flash
memory cards are same as or similar to memory subsystem
108 and include a controller (such as memory sub-system
controller 112), a less fine-grained memory (such as less-fine-
grained memory 128), and optionally a fine grained memory
(such as fine-grained memory 124; of course, in various
embodiments, the flash memory cards include any type or
types of non-volatile memory, and calling these cards flash
memory cards is not intended to be limiting).

The cable acts, for example, as a PCI Express extender
cable and couples the flash memory cards to the PCI Express
bus. In some embodiments, the PCI Express bus is repre-
sented, at least in part, via 133 as illustrated in FIGS. 1, 2C,
and 2D, and the cable is represented as 133' as illustrated in
FIGS. 2A,2B, 2C, and 2D. Each of the disk bays is capable of
holding one or more of the flash memory cards. In some
embodiments, the one or more flash memory cards are
arranged in a stack in the disk bay and do not have an enclo-
sure. A disk drive or a PCMCIA card have metal or plastic
enclosures, such as a case that fully encloses circuitry of the
disk drive or PCMCIA card, except for external connections
and air ventilation. For example, in various embodiments,
there are three flash memory cards stacked in one of the disk
bays. In certain embodiments, the stacked flash memory
cards are mounted in a flash caddy (such as illustrated in FIG.
3) which is installable in a disk bay.

In some embodiments, each of the flash memory cards is
independently cabled to the master card. In other embodi-
ments, a first group of one or more of the flash memory cards
is cabled to the master card, and others of the flash memory
cards are daisy chained to the first group of the flash memory
cards. For example, in various embodiments, a first flash
memory card in each of the disk bays holding the flash
memory cards is cabled to the master card, and others of the
flash memory cards in the disk bay are daisy chained to the
first flash memory card. The flash memory cards that are not
directly cabled to the master card are still visible and acces-
sible on the PCI Express bus via a daisy chain connection
(FIG. 2B illustrates one example of daisy chain connections
(331 and 335) between flash memory cards). In some embodi-
ments, the daisy chain connection forms a switched network
among the flash memory cards. According to various embodi-
ments, the daisy chain connection is configurable (for
example, in a number of lanes and/or in bandwidth) and/or
fault-tolerant.

In some embodiments, the master card and/or the flash
memory cards are coupled in a hierarchical structure enabling
a plurality of sub-controllers of flash memory chips and/or
banks (such as logic 329.A, .. ., 329.7 as illustrated in FIG.
2A) on one or more flash memory cards to be accessed from
as few as one PCI Express bus slot.

In an embodiment, the master card is a physical component
that enables one or more flash memory cards to be commu-
nicatively coupled to a single PCI Express bus. In some
embodiments, the master card (393 as illustrated in FIG. 2C)
is passive, and, for example, just splits a multi-lane PCI
Express bus (133) into sets of lanes (such as 133") for one or
more of the flash memory cards. In other embodiments, the
master card is active (as illustrated in FIG. 2D) and includes
active circuitry for one or more of processing, switching,
routing, reformatting, and converting the PCI Express bus
(133) into one or more busses (such as 133") for the flash
memory cards (the converted busses are optionally a different
protocol and/or a different bandwidth than the PCI Express
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bus). If the master card is active, then the master card option-
ally includes circuitry for controlling and/or managing the
flash memory cards.

In some embodiments, a battery back-up system (such as
battery back-up 125 as illustrated in FIG. 1) is also located in
the rack-mounted computer system. For example, the battery
back-up system may be located in one of the disk bays, either
separately from or in addition to one or more of the flash
memory cards. In various embodiments, the battery back-up
system replaces one of the flash memory cards. The battery
back-up system is used to provide power to some or all of the
non-volatile, solid-state storage system in the event of a
power disruption to the rack-mounted computer system.
According to various embodiments, the battery back-up sys-
tem powers one or more of: (a) the flash memory cards in a
same disk bay as the battery back-up system, (b) flash
memory cards in any of the disk bays, and (¢) any cards in the
rack-mounted computer system, such as a portion of the
non-volatile, solid-state storage system connected via a PCI
Express slot (for example, the master card). Switching from
normal power to power from the battery back-up system is
done, in various embodiments, at various places, including
but not limited to a backplane, at one or each of the flash
memory cards, and at the master card. In some embodiments,
the switching is a distributed and/or independent switching
on each of the flash memory cards.

In some embodiments, a non-volatile, solid-state storage
system comprises one or more non-volatile, solid-state
memory (such as flash memory) printed circuit boards (NVM
PCBs). In some embodiments, the NVM PCBs are flash
memory cards. In various embodiments, the NVM PCBs are
the same as or similar to memory sub-system 108 (as illus-
trated in FIG. 1 and FIG. 2A) and include a controller (such as
memory subsystem controller 112), a less-tine-grained
memory (such as less-fine-grained memory 128), and option-
ally a fine-grained memory (such as fine-grained memory
124).

The NVM PCBs are coupled to a PCI Express bus (orto a
similar bus or communication link in a processing node).
Across various embodiments, NVM PCBs may be imple-
mented differently. To illustrate, the NVM PCBs may each
coupled independently to the PCI Express bus, such as via a
card on the PCI Express bus (such as card 393 as illustrated in
FIG. 2C or FIG. 2D). Alternately, the NVM PCBs may be
coupled together, such as in a daisy chain, with one or more of
the NVM PCBs coupled to the PCI Express bus, such as viaa
card on the PCI Express bus, and zero or more of the NVM
PCBs indirectly coupled to the PCI Express bus by coupling
to another of the NVM PCBs. In other embodiments, the
NVM PCBs may be each coupled to a backplane, where
connectivity to the PCI Express bus, such as via a card on the
PCI Express bus, is via the backplane. Alternately, the NVM
PCBs may each be coupled to a backplane, where the back-
plane is and/or includes a card on the PCI Express bus.

According to various embodiments, the NVM PCBs are
mounted in various fashions. To illustrate, in an embodiment,
the NVM PCBs may be mounted one in a stack, such as a
stack using mechanical spacers or electrical spacers (such as
inter-board connectors). In other embodiments, the NVM
PCBs may be mounted in a flash caddy, such as a caddy
having, for each of the NVM PCBs, a respective one or more
PCB guides.

According to various embodiments, the NVM PCBs are
one or more of: a factory-replaceable unit; a field-replaceable
unit; and a hot-swappable unit.

In some embodiments, a chassis (such as a rack-mounted
chassis) includes one or more disk bays (such as disk bay 610
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as illustrated in FIG. 6), and optionally houses a processing
node. In various embodiments, one or more of the NVM
PCBs are mounted in one or more of the disk bays of the
chassis. In further embodiments, at least some of the disk bays
are accessible from a front of the chassis, such as via a hinged
(or sliding, or otherwise movable or removable) front panel.
For example, as illustrated in FI1G. 7, a hinged door (C in FIG.
7) provides access to a number of the disk bays, such as a
proper subset of the disk bays. Accessing the proper subset of
the disk bays via the front of the chassis enables, in some
embodiments, removal and/or insertion, including hot-swap-
ping, of ones of the NVM PCBs mounted in the proper subset
of the disk bays. In various embodiments, the chassis may
have any number of disk bays, such as one, two, four, eight, or
twelve disk bays. In further embodiments, less than all of the
disk bays are accessible from the front of the chassis, such as
due to restrictions imposed by a design of the front panel.

In some embodiments, a battery back-up system is
mounted in one or more of the disk bays. According to various
embodiments, the battery back-up system (illustrated by G in
FIG. 6 or 125 in FIG. 1) may be one or more of: (a) a
factory-replaceable unit, (b) a field-replaceable unit, (c) a
hot-swappable unit, (d) accessible from a front of the chassis,
such as via a hinged (or sliding, or otherwise movable or
removable) front panel, (e) used to provide back-up power to
a card on the PCI Express bus, such as the card to which one
or more of the NVM PCBs are coupled, (f) used to provide
back-up power to one or more of the NVM PCBs, (g) coupled
to the one or more NVM PCBs via one or more respective
connectors, (h) coupled to the one or more NVM PCBs via a
backplane, (i) coupled to the one or more NVM PCBs via a
card on the PCI Express bus, such as the card to which one or
more of the NVM PCBs are coupled, (j) mounted within the
chassis, (k) substantially similar in mounting configuration to
the NVM PCBs, and (1) substantially similar in mounting
configuration to a flash caddy of the NVM PCBs.

FIG. 3 illustrates an example of using sheet metal, such as
formed, perforated sheet metal, to act as a flash caddy for one
or more NVM PCBs. Naturally occurring holes in the perfo-
rated sheet metal are used for one or more purposes, such as
the venting of heat, holes for attaching PCB guides for sliding
the NVM PCBs into and out of the assembly, and attachment
of the PCB guides to the perforated sheet metal via one or
more techniques (for example, by heat staking, ultrasonic
deformation, snap fit, screws, and other mechanical fasten-
ers).

In some embodiments, another technique that eliminates
parts in the flash caddy (and reduces associated costs) is to
make piercings, as illustrated in the lower right hand corner of
FIG. 3.

FIG. 4 illustrates an example of techniques for using a
specially designed spacer to mount, such as via Surface
Mount Technology (SMT), a plurality of NVM PCBs. In
some embodiments, the spacer simplifies joining of multiple
NVM PCBs one to another and optionally to a caddy, such as
a flash caddy. The spacer illustrated in FIG. 4 may be con-
structed using a variety of different materials. In an embodi-
ment, the spacer may have tin plating on its exterior. The
spacer of FIG. 4 allows NVM PCBs to be securely mounted in
a substantially parallel fashion. The spacers of FIG. 4 also
prevent the NVM PCBs from becoming dislocated if the
NVM PCBs receive a mechanical shock as they firmly and
securely maintain the NVM PCBs equidistant from each
other.

FIG. 5 illustrates an example of techniques in which one or
more NVM PCBs are integrated into a flash caddy with PCB
guides and formed bosses. The NVM PCBs are optionally
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interconnected, such as with a board-to-board interconnect
(for example, the spacer illustrated in FIG. 4) or a backplane
interconnect, thereby reducing part count and/or minimizing
space required to house the NVM PCBs. In the upper right
hand corner, provision for board-to-board interconnection is
illustrated via several techniques. For example, a card edge
connector enables communication through a backplane and/
or the board-to-board interconnect enables the daisy chain
connection of two or more of the NVM PCBs.

FIG. 6 illustrates an example of a rack-mounted chassis
including a plurality of disk bays (such as disk bay 610). The
rack-mounted chassis (A in FIG. 6) includes a motherboard
(C in FIG. 6), such as a PC motherboard. The motherboard
has a PCI Express bus with connectors into which a PCI card
(DinFIG. 6) is installed. The PCI card (for example, card 393
in FIG. 2C or FIG. 2D) is coupled to a backplane (B in FIG.
6), such as via a cable, for example 133" as illustrated in FIG.
2C or 2D). The backplane is configured so that NVM PCBs
(such as flash memory cards, E in FIG. 6) or a battery back-up
card (G in FIG. 6) inserted into disk bays of the rack-mounted
chassis are coupled to each other and/or to the PCI card via the
backplane. The flash memory cards are optionally installed in
aflash caddy (F in FIG. 6, similar to the flash caddy illustrated
in FIG. 3 or to the flash caddy illustrated in FIG. 5). The flash
memory cards assembled in the flash caddy are illustrated as
H in FIG. 6. In some embodiments, the flash caddy is perma-
nently installed within a disk bay, such as with screws to
chassis metal. In other embodiments, the flash caddy slides
into the disk bay and the flash caddy is removable. A remov-
able flash caddy is optionally locked into place by snaps,
screws, and/or other attachment systems.

FIG. 7 illustrates the accessibility of at least some of a
plurality of disk bays in a rack-mounted chassis according to
an embodiment. The rack-mounted chassis (A in FIG. 7)
includes an optional removable bezel (B in FIG. 7) having a
hinged door (C in FIG. 7) providing access to at least some of
the disk bays.

Many embodiments are possible. Not all of these features
need to be present in all embodiments, and many variations
and sub-combinations of these features are contemplated by
the inventor. The invention could be implemented in hard-
ware, such as hardware logic gates and/or mechanical hard-
ware, by a programmable processor either using firmware,
software, or other code, or various combinations.

While the description above has used flash memory as an
example, the techniques herein are applicable to any type of
solid-state memory, such as NVRAM, FRAM, PRAM, or
DRAM.

Embodiments of the invention may partition functions of a
processing node and/or the non-volatile, solid-state storage
system and/or a memory sub-system in a variety of fashions.
Inan embodiment, the processing node uses different types of
CPUs, different peripherals, and/or different interfaces. In a
different embodiment, the non-volatile, solid-state storage
system includes one or more memory sub-systems and/or one
or more cards (such as PCI Express cards) for coupling the
one or more memory sub-systems to the CPU complex.

Embodiments of the invention may physically partition
components of a processing node and/or the non-volatile,
solid-state storage system and/or a memory sub-system dif-
ferently. In one example, some or all of the non-volatile,
solid-state storage system is located in disk bays of the pro-
cessing node. In another example, a battery back-up is located
in disk bays of the processing node and/or on a PCI Express
card and/or on a motherboard. As another example, a first one
of the flash memory cards is plugged into a PCI Express bus
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slot, and others of the flash memory cards are located in the
disk bays of the processing node.

There are many ways of providing storage of electrical
power in a battery back-up system. For example, the battery
back-up system may include one or more of (a) a rechargeable
battery, (b) a lithium-ion battery, (c) a lead-acid battery, (d) a
capacitor, and (e) an ultra capacitor. Values can be inverted,
offset, combined with other values, and manipulated in many
ways using known mathematical properties. An inversion
could be added to an XOR to generate an exclusive-NOR
(XNOR), but this is simply a derivative of an XOR and within
a family of XOR functions. Other logic tricks and manipula-
tions are contemplated and considered to be within the scope
of the invention.

In the foregoing specification, embodiments of the inven-
tion have been described with reference to numerous specific
details that may vary from implementation to implementa-
tion. Thus, the sole and exclusive indicator of what is the
invention, and is intended by the applicants to be the inven-
tion, is the set of claims that issue from this application, in the
specific form in which such claims issue, including any sub-
sequent correction. Any definitions expressly set forth herein
for terms contained in such claims shall govern the meaning
of such terms as used in the claims. Hence, no limitation,
element, property, feature, advantage or attribute that is not
expressly recited in a claim should limit the scope of such
claim in any way. The specification and drawings are, accord-
ingly, to be regarded in an illustrative rather than a restrictive
sense.

What is claimed is:

1. A non-volatile, solid-state storage system, comprising:

a plurality of flash memory cards, each flash memory card
having flash memory devices mounted thereon, wherein
the plurality of flash memory cards are arranged in a
stack;

a master card, configured to be mounted in a bus slot on a
motherboard, wherein the master card enables the plu-
rality of flash memory cards to each communicate over
a single bus corresponding to the bus slot, and wherein
the master card splits the single bus into a plurality of
lanes to enable the plurality of flash memory cards to
each communicate over a respective lane of the plurality
of lanes; and

a cable coupling the master card to the plurality of flash
memory cards arranged in the stack;

wherein the plurality of flash memory cards arranged in the
stack includes:

a first flash memory card electrically coupled to the master
card via the cable to communicatively couple the first
flash memory card to the single bus; and

a second flash memory card, daisy chained to and distinct
from the first flash memory card, wherein the second
flash memory card is (a) directly electrically coupled to
the first flash memory card, and (b) indirectly commu-
nicatively coupled to the master card via the first flash
memory card.

2. The system of claim 1, wherein the bus slot is a PCI

Express bus slot.

3. The system of claim 1, wherein the bus slot is a Hyper-
Transport (HT) bus slot.

4. The system of claim 1, wherein the plurality of flash
memory cards arranged in the stack includes a third flash
memory card that is (a) coupled to the first flash memory card
and (b) not cabled to the master card, wherein the third flash
memory card is indirectly communicatively coupled to the
master card via the first flash memory card.
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5. The system of claim 1, further comprising:

a third flash memory card that is (a) directly electrically
coupled to the second flash memory card and (b) indi-
rectly communicatively coupled to the master card via
the first flash memory card and the second flash memory
card.

6. The system of claim 1, further comprising a battery

back-up.

7. The system of claim 6, wherein the battery back-up is
coupled to the first and second flash memory cards.

8. The system of claim 7, wherein:

the system is included in a rack-mounted computer system;
and

the battery back-up is on a back-up board mounted within
a flash caddy installed in a disk bay of the rack-mounted
computer system, the battery back-up providing back-
up power to two or more flash memory cards of the
plurality of flash memory cards mounted within the flash
caddy, the flash caddy for receiving the two or more flash
memory cards of the plurality of flash memory cards.

9. The system of claim 1, wherein the system is included in
a rack-mounted computer system and further comprises:

a flash caddy, installed in a disk bay of the rack-mounted
computer system, for receiving two or more flash
memory cards of the plurality of flash memory cards in
a stacked arrangement, the flash caddy enabled to sepa-
rately receive at least the first flash memory card and the
second flash memory card.

10. The system of claim 9, wherein the flash caddy includes
two or more sets of card guides to physically support two or
more flash memory cards of the plurality of flash memory
cards within the flash caddy, wherein a first set of card guides
of the two or more sets of card guides is shaped to receive an
edge of the first flash memory card and a second set of card
guides of the two or more sets of card guides is shaped to
receive an edge of the second flash memory card.

11. The system of claim 9, further comprising:

an inter-board interconnect on the first flash memory card
for directly electrically coupling to the second flash
memory card in the flash caddy.

12. The system of claim 11, wherein the inter-board inter-

connect forms a daisy chain connection between the first flash
memory card and the second flash memory card.
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13. The system of claim 1, wherein the master card is an
active master card, wherein the active master card includes
active circuitry for one or more of: processing, switching,
routing, reformatting, and converting the single bus into the
plurality of lanes to enable the plurality of flash memory cards
to each communicate over a respective lane of the plurality of
lanes.

14. An apparatus comprising:

a first flash memory card for storing information, wherein
the first flash memory card has flash memory devices
mounted thereon and includes:

a first interface for electrically coupling the first flash
memory card via a cable to a master card mounted in
a bus slot on a motherboard so as to communicatively
couple the first flash memory card to a single bus
corresponding to the bus slot, and wherein the master
card splits the single bus into a plurality of lanes to
enable the plurality of flash memory cards to each
communicate over a respective lane of the plurality of
lanes; and

a second interface for directly electrically coupling the
first flash memory card to a second flash memory card
that has flash memory devices mounted thereon, and
is daisy chained to and distinct from the first flash
memory card so as to indirectly communicatively
couple the second flash memory card to the master
card, wherein the first and second flash memory cards
are two of a plurality of flash memory cards that are
arranged in a stack.

15. The apparatus of claim 14, wherein the master card
enables a plurality of flash memory cards, at least including
the first flash memory and the second flash memory card, to
each communicate over the single bus.

16. The apparatus of claim 14, wherein the bus slot is a PCI
Express bus slot.

17. The system of claim 1, wherein the plurality of flash
memory cards are arranged in the stack in a disk bay, and the
first and second flash memory cards are interconnected within
the disk bay using one of a board-to-board interconnect and a
backplane interconnect.
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